Background: The treatment of distal femoral open comminuted fractures is a major problem for orthopedic surgeon. The basic and important aim in treatment of these fractures is to assemble the condylar fragments and then fix the condyles to the femoral shaft by minimum handling of the bone and soft tissues. Objectives: To evaluate the treatment of distal femoral open comminuted fractures (type C2 and C3) with hybrid external fixator. Methods: Thirty-four patients with distal femur open comminuted fracture (type C2 and C3) were treated by hybrid external fixator between January 2005 and December 2008. All of the fractures were opened with extension to joint surface. 30 patients were male and 4 were female. Their average age was 30.5 years (17 to 72 years). Average follow up period was 36 months. 12 patients had isolated fracture and 22 patients had multiple fractures. The bony and functional results were evaluated by the association for the study and application of the method of Ilizarov (ASAMI) protocol and knee society score. Results: 29 out of 34 fractures (85%) had union without bone grafts. Average time of union was 6.1 months (4 -19 ms). The average knee range of motion was 87.5 degrees (30 -115 degrees). The bony results were excellent in 24 patients (70.5%), good in 6 (17.7%), fair in 2 (5.9%), and poor in 2 (5.9%), and the functional results were excellent in 10 (29.4%) patients, good in 14 (41.2%), fair in 6 (17.6%), and poor in 4 (11.8%), and the functional results were excellent in 10 (29.4%) patients, good in 14 (41.2%), fair in 6 (17.6%), and poor in 4 (11.8%) according to ASAMI protocol. According to the knee society score the functional results were excellent in 9 (26.44%) patients, good in 13 (38.26%), fair in 7 (20.6%), and poor in 5 (14.7%). Conclusion: Hybrid external fixator is an effective method for treatment of distal femoral open comminuted fractures (type C2 and C3) and may be considered as an alternative surgical methods in the management of these fractures.
Background
The treatment of distal femoral open comminuted fractures is a major problem for orthopedic surgeon. The basic and important aim in treatment of these fractures is to assemble the condylar fragments and then fix the condyles to the femoral shaft by minimum handling of the bone and soft tissues.
To reduce soft tissue trauma during surgery and fix these fractures, different surgical techniques have been developed.
These include intramedullary nailing (antegrade and retrograde), plate fixation [minimally invasive percutaneous plate osteosynthesis (MIPPO), Less Invasive Stabilization System (LISS), Limited Contact Dynamic Compression Plate (LCDCP)], external Fixation (universal and ring external fixator), and hybrid external fixation [1] [2] [3] [4] . In these types of distal femur fractures, the extent of bone and soft-tissue loss, high risk of infection, and further damage to the soft tissues precludes open reduction and internal fixation as a safe treatment method [5] [6] [7] .
The hybrid external fixation preserves the soft-tissue envelope with minimal damage and allows fracture stabilization, early loading, and mobilization which promote bone healing [8] . Therefore it is an effective, safe and minimally invasive treatment for the stabilization of open severe comminuted fractures of the distal femur.
Purpose of this study is to determine the effectiveness and safety of hybrid external fixator in the treatment of open severe comminuted supracondylar and intercondylar fractures of distal femur. Twelve patients had an isolated fracture and 22 patients had multiple fractures.
Methods

Thirty
Four patients were of the type III C fractures and underwent above knee amputation because of severe crush, and were excluded from the study.
Our protocol in all patients was Wound debridement after admission to the emergency department. In debridement protocol, 10 L of saline solution was used for irrigation. In debridement excision of all necrotic and suspect bone fragments were done. After debridement, the hybrid ring external fixator was applied. Plastic surgeons were included in the treatment team when needed. Early coverage of the exposed bone was achieved by local flaps or free-tissue transfer within 15 days of injury. The hybrid external fixator frame was assembled preoperatively for all patients.
All operations were carried out on a traction table with the patient supine. During the operation, continuous traction was applied with a pin inserted in the tibia with the knee in 45˚ to 60˚ flexion.
A gentle manipulation was applied and alignment was checked by fluoroscopy. If the position was acceptable, the frame was applied in a closed manner; if not, we used minimal open reduction and internal fixation with screws (cannulated) or Kirschner wires from the wound or by extending it.
Two or three olive pins were placed in the distal femur from the anterolateral to posteromedial and from an teromedial to posterolateral directions and each pin were fixed to an appropriate ring.
When the ring was constructed, the wires were tensioned and tightened, then three half pins were inserted in different planes in the proximal femur, and connected Male 30
Other treatments
Bone graft 2
Bone graft + Bon transport 3
Complications
Infection
11(Superficial)-7(Profound)
Residual deformity 5
Shortening more than 2/5 cm 0
Returned to previous work 20
Changed work 5
Unable work 3
Significant pain 8
Noticeable limp 11
Stiff joint 12
to the distal femur ring. The final reduction was checked and finally all connections were retightened (Figures 1  and 2 ).
In order to obtain a secure fixation, the frame was extended to the proximal tibia if needed. In three patients the frame was extended to the proximal tibia due to obtain secure fixation.
Additional procedures such as wire exchange (because of pin site infection), frame adjustments for alignment, debridement of necrotic or infected tissues and skin graft were included.
Patients permitted exercises and ambulation as soon as pa subsided for prevention of contractures and stiffness in of joints. Partial weight-bearing continued after 6 -8 weeks until there was satisfactory evidence of callus formation. We followed up patients regularly at intervals of 2 weeks until the frame was removed and then monthly. At each follow-up, the reduction and healing of the fracture was assessed radiologically. The mean time of hybrid external fixator removal was 30 weeks (16 -62 weeks). We usually removed the apparatus later than for more consolidation of bony union (Figure 3) .
The bony and functional results were evaluated by ASAMI score and functional results by knee society score at the end of follow-up ( Table 2 ).
Results: (Table 1)
According to the association for the study and application of the method of Ilizarov (ASAMI) protocol, the results were evaluated as bony and functional results.
The criteria for determination of bony results were: union, infection, residual deformity and limb length discrepancy and for functional results were: limping, stiffness of either the knee or the ankle, sympathetic dystrophy, pain that resulted in reduced activity or disturbed sleep and inactivity (inability to return to previous activities).
Functional results also were evaluated by knee society score.
Union was achieved in 29 patients without bone grafting. Bone grafting was necessary in 2 cases, and bone transport with bone grafting was done in 3 patients with 2 cm defect.
All fractures united at a mean of 24.4 weeks (16 -76 weeks). 27 patients had union within 24 weeks or less.
Five patients united with some degrees of malalignment including: 2 patients with 8 degrees of valgus, 2 patients with 11 degrees external rotation, and 1 patient with 9 degrees recurvatum .two patients had 1.5 -2.5 cm shortening.
Pin-track infections occurred in 11 patients and resolved after oral antibiotics and care of the pin sites.
No patient required a secondary procedure because of loosening of the frame with loss of reduction. Seven (20%) patients had fracture site infection effectively controlled by drainage, debridement, antibiotic therapy and antiseptic dressings. Two patients had skin graft with no need to plastic surgeon.
The limitation of knee range of motion occurred in all Twelve patients had stiffness of the knee. Eleven patients had noticeable limping. Fourteen patients achieved ability to perform previous activities of daily living (ADL) and returned to their previous work, 12 patients got ability to perform previous activities of daily living (ADL) and previous work with minimal difficulty and 8 patients had significantly limited activities of daily living (ADL), 5 patients required a change from previous work and 3 patients have not returned to any work till now.
The bony results were excellent in 24 patients (70.5%), good in 6 (17.7%), fair in 2 (5%/9%), and poor in 2 (5.9%), and functional results were excellent in 10 (29.4%) patients, good in 14 (41.2%), fair in 6 (17.6%), and poor in 4 (11.8%) according to ASAMI protocol ( Table 3) .
According to the knee society score the functional results were excellent in 9 (26.44%) patients, good in 13 (38.26%), fair in 7 (20.6%), and poor in 5 (14.7%).
Discussion
The treatment of distal femoral open comminuted fractures (type C2 and C3 of OTA classification), particularly when associated with bone defect and soft tissue crush, is difficult and a major problem for orthopedic surgeons. In the present study, we found that the hybrid external fixator is an excellent method for open type C2 and C3 fractures of the distal femur especially with comminution.
In these types of fractures, the advantages of the hybrid external fixator are, principally, the minimal surgical trauma and bleeding, early weight-bearing, low incidence of deep infections, and possibility to perform progressive corrections and soft tissue care during the treatment course [9, 10] .
The hospitalization time is decreased with this method with concomitant decrease in hospital costs.
Although there are various methods of treatment for comminuted fractures of the distal femur (type C2 and C3 of OTA classification) including intramedullary nailing (antegrade and retrograde), plate fixation [minimally invasive percutaneous plate osteosynthesis (MIPPO), less Invasive stabilization system (LISS), limited contact dynamic compression plate (LC-DCP)], external fixation (universal and ring external fixator), and hybrid external fixation [1] [2] [3] [4] , but when these fracture are associated with open soft tissues injury, the hybrid external fixator could be the treatment of choice.
The indications for using hybrid external fixator in distal femoral fractures may be considered as followings: comminuted fractures in which stable reduction cannot be obtained by open reduction and internal fixation, those with open soft tissues injury and bone loss, fractures in osteoporotic bone, fractures in multiply injured patients, and combination of above mentioned conditions [11] . Recently, many orthopedic surgeons have reported alternative methods of stabilization of comminuted distal femur fractures including intramedullary nailing and plate fixation with good results. In these studies, all of the reported cases were closed comminuted fractures of the distal femur with low risk, contrary to our open high-risk case series [1, [12] [13] [14] .
This study showed that with the hybrid external fixator, open comminuted distal femoral fractures (type C2 and C3 of OTA classification) can be managed successfully because of minimal or no surgical exposure ,shorter operation time, minimum blood loss, minimal handling of bone and soft tissue with fast healing of the fracture and greater stability [15] [16] [17] [18] .
None of the above mentioned techniques (intramedullary nailing and plate fixation) affords the surgeon capabilities of correcting deformities, regenerating new bone without the use of bone graft, progressive lengthening the extremity, permit bone transport for bone defect filling and allow weight bearing very soon.
The present study and many other studies confirm that all of these capabilities are possible with application of the hybrid external fixator.
This study also showed that the hybrid external fixator has the ability of successful managing of the fracture, soft-tissue defect, infection, and bone loss simultaneously [19, 20] .
Although the classical Ilizarov method (ring external fixator) is an acceptable method for healing of docking site by continuous and gradual compression, as many other surgeons, we found that autogenous bone graft accelerates healing [19, 21, 22] .
In our study, 5 patients had autogenous bone graft at the docking site and in all patients bone union was obtained so we recommend bone graft at the docking site in order to accelerate union, reduce external fixation time and to avoid refracture.
We treated most fractures in this series by ligamentotaxis and closed reduction, as in Ilizarov's original description [23] but in cases with failure to obtain anatomical reduction by ligament taxis, limited open reduction and minimal internal fixation was performed before the application of the frame in severely comminuted fractures which extend into the joint [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
Nonunion of supracondylar fractures of the distal femur is unusual, but may follow open reduction and internal fixation. In a retrospective review of ununited supracondylar fractures, all of them had been treated by open reduction and internal fixation [25] . We had only 2 patients with nonunion and in no other patients bone grafting was required. Similar low incidences of nonunion have been reported in other series using external fixator [9, 11, 21, 26] .
The limitation of knee motion was the most disabling complication in our study, as also reported in other studies [9, 11, 27, 28] . There are several factors that cause limitation of knee motion including: type of the fracture (type C3 of OTA classification), severity of the associated soft-tissue injury (type IIIB and type IIIC of Gustilo classification) and incorrect application of external fixator (the knee in extension). We carried out the application of distal wires in a position of moderate knee flexion, in accordance with Ilizarov's original technique, thus stretching the extensor mechanism of the knee [16] .
Although, our cases were complicated in comparison with other studies that have been used the Ilizarov, intramedullary nailing, or plate system for fixation, the results were the same or even better in our studies [5-7, 12,15,24] .
Conclusion
Hybrid external fixator is an effective method for treatment of distal femoral open comminuted fractures (type C2 and C3 of OTA classification) particularly when associated with bone defect and soft tissue crush and may be considered as an alternative surgical methods in the management of these complex fractures.
